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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE EXAMINING CORPS 

IN RE APPLICATION OF 
HEINZ W. MEIER; KLAUS BRAND; KLAUS EISERT and CHRISTOPH LEIFER 

FOR A 

PRINTED CIRCUIT BOARD-BASED CURRENT SENSOR 



ATTORNEY DOCKET: 12751 B 



^ PRINTED CTRCTJIT ROARD-RaseD rTTRRFMT SFMcnp 

I*V>**«^ The invention relates to a devic/for measuring AC cuixents in the form of 

4 sensor according to the preamble to 



a current 



for protection 1. 
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Inductive measuring procedures acdording to the Rogowski principle are known in the 
area of current measuring technology. In L kno^vn models, the curtent-canying conductor 
is routed through a coil. The sensor coil cin here vary in design. One design was described 
m DE 195 05 812 C2, in which an electric dly insulating amiular element is provided as the 
winding carrier. However, the disadvai tage to this design is that production requires 

numerous differentsteps. Another disadvaitage is that, when setting upacurrentsensorwith 
an integrated electronic evaluation or calcu ation circuit, the coil in the form described in DE 

ilo the electronic components of the evaluation or 



195 05 812 C2 as a component in addition 



calculation circuit have to be placed, sec|«-ed and electrically connected. Therefore, the 

evaluation or corrective calculation ckcuit is 
md high costs for manufacturing the device as a 



integration of this coil into an electroni 
associated with a high space requirement 

whole. The additional requirement that seiJLors be miniaturized to make increasingly smaller 

models tailoredto the respectiveapplicatioravailablecamiotbemetwithacurrentacquisition 
coil accordmg to DE 195 05 812 C2. In tie description of another design according to US 

5,414.400,thecoil is fabricateddirectlyonJprinted circuit boardusingtheprinted conductors 
and through platings. Viewed in a mdial dJection, the printed circuit board segment between 
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the throughplatingshere forms theelectricallyinsulating^^^^ 

The prmted conductors are orieiited in such J way that the respective pririted 
top of the printed circuit board ends in | through plating for establishing an electrical 
connection with a printed conductor on the Lttom, while the latter in turn ends in a through 
plating for establishing an electrical conne Ln with an additional printed conductor on the 
top, thereby representing a winding arounJ the insulating amiular segment. The geometric 
orientation of the printed conductors yielL a coil-like winding of the insulating annular 
segment, which, in its entirety, results in a Lent acquisition coil according to the Rogowski 
principle. The key disadvantage to the de. gn described in US 5,414,400 is that the current- 
carrying conductor must also be routed tlugh the borehole enveloped by the coil. As a 
result, a current acquisition coil given this lesign camiot be placed around a current-canying 
conductorforpurposesofcurrentacquisitiinatalater time. Another disadvantage 
coilasdesignedhasago-and-returntypeolvinding.Itisproposedthatthe^^^^^ 

mt board, whose windings are quite symmetrically 
Svidual windings altemate in dunensions. This 
disadvantagesstemsfromthegeometricriui^^^ 
lying one inside the other be flatly accoinodated on a printed circuit board. 



coil be built around a two-layer printed cir( 
arranged over the entirety, but the in 
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The object of the invention is to Aalize an inexpensive, compact design for a device 
for measuring AC cuirents by means o|a current acquisition coil based on a printed circuit 
board or a printed circuit board segmentLording to 

later point be placed around and eicompass the current-carrying conductor without 
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# 



"^^^ 1 intemiptingthefimctionofthecurrentianyingconductor. The structure ofthe windings must 
2 here be very symmetrical in order to ihieve a high measuring accuracy. 



Solution 



4 The object is achieved according to the invention by virtue of the features cited 

5 claim 1. 
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6 '3^«I7 The device according to the |ivention for a current acquisition coil is realized with the 
help of a printed circuit board, which can be flipped open in such a way that the current- 
carrying conductor to be measured c m also be inserted in the provided area ofthe coil without 
interrupting or deactivating the cun ent-carrying conductor. The opened device for a current 
acquisition coil is closed for measu -ement in such a way that the current-carrying conductor 
is completely enclosed by the currint acquisition coil, and the cuirent acquisition coil can 
measure the currentofthecurrent-cJnying conductor according to the 
satisfy additional requirements on thi ! current acquisition coil relating to symmetrical structure 
or compactness, a multi-layer printe i circuit board must be used. This offers more ways in 
which to control the printed conduct jr, and enables the most symmetrical structure possible 
for the current acquisition coil wind ng. 



m 



such a way that additional electronic lomponents of an evaluation unit can be arranged 



conversion for conditioning measured v|lue signals for open-loop and closed-loop controllers, 

3 



running compai|ons with limiting values and generating „too-low» or „too-high" messages, 
or for other appBcations. 
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The multi-layer printed circuit board structure results in a symmetrical design for the 
individual windings, hi this case, the windings of the coil segment for the first winding 
direction are arranged on two layers for the printed conductors provided exclusively for this 
coil segment. With respect to the windings of the coil segment for the second winding 
direction, e.g., return direction, there are two layers of printed conductors provided exclusively 
for this coil segment. This makes more free space available for the geometric configuration 
of the printed conductors. 
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The invention will be described based on an embodiment and the accompanying 
1 1 figures below. 
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Fig.l: The device according to the invention of a current sensor with a flip-open, printed 
circuit board-based current acquisition coil. 



1 5 Fig. 2: The printed conductor progre|ion for the coil segments involving the „go" path (20) 

16 and the „retum" path (21) of lie winding. 



1 7 Fig. 3 : Flipped-open printed circuit board of the current acquisition coil. 
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FigA- AvariantofthedeviceofthecurreJacqdsitioncoilasas^^^^^^^^ 

board with only one slot in the devL which can be placed around the conductor to 
be measured for to open the printe(|circuit board via twisting. 



4 Fig.5: A variant of the device of the ( 



5 
6 



' current acquisition coil as a single-piece printed circuit 
board with printed conductors and through plating to route through the current to be 
measured. 
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8 —"^^Fig. 1 ^howstheairangementaccordingbtheinventionofacurrentsensorwithaflip- 



open,annularprintedcircuitboardasthecu.eiacqmsitioncoil.Tl.ehinge6provid^^ 

openlmkbetweentheoneprintedcircuitboarlalflandthesecondprintedcircuitboardh^ 
10. The current-carrying conductor 2 vvdth its 



current to be measured is axially oriented and 
routed through tt,e middle of fte cun.m aoL.i,ion coil. Tie printed co„du«o. of ^ 

.nd,v,duallayersa«„otsh„w„,bu,aUuded,„Lu,4»d5.Tl«additio„alpa„„fftepri„,ed 

cirau.b««,9i.p,eferab.yu^,„ hold elector electronic componentsforanevaluad^^ 
circuit 1 9, which issues a scaled measuriug si|nal to the output 13. 

Fig,2showsthearra„geme„tofpri„tedco„duct„rsforge„eia,ingacu™„tacquisitio„ 
co,l. In this case, tiie printed conductors 22. 22a. 22b of flie winding and the cotresponding 

add.t,onalpriotedc„nducto,son.hetopoftheincomi„gcoilwi„di„g20areonthef„.tlayer 
The prtnted conductors 23. 23a, 23b along with the cor^sponding additional printed 

conductorsonthebottomoftheinconungcoilsegmentareloeatedonthefourthlayer which 
IS isolated f^n, all other layei,. Tie printed conductor 24 and corresponding addition. 
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printed conductors on the top forthe returning coil segment21 are located on the secondh^^^^ 
which is isolated from all other layers. The printed conductors 25 and corresponding 
additional printed conductors on the bottom for the returning coil segment are located on the 
third layer, which is isolated from all other layers. Since layers one and four are each arranged 
on the outside of the printed circuit board, while layers three and four are situated on the inside 

6 layersofthemulti-layerprintedcircuitboard,areturningcoilsegment211yingspatiallyinthe 
incoming coil segment 20 comes about. Therefore, the incoming coil segment 20 is wound 

8 in the opposite direction as the returning coil segment 2 1 . 

9 Fig. 3 shows the flip-open print^ circuit board of the current acquisition coil in the 
10 
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1 6 half of the current acquisition coil 1 in 

17 the current acquisition coil 10 with the lelp of electrical terminals 13 in the manner required 

1 8 for current acquisition according to the feogowski principle. 



flipped-open state for enveloping the ciLent-carrying conductor 2. The printed conductor 
parts 1 and 10 are here flipped open and Iread apart until the cuirent-canying conductor 2 fits 
through the arising gap 1 1, and the cuient sensor can be passed over the current-carrying 
conductor in the direction of the airow. the hinge 6 must here permit the rotational movement 
of individual printed circuit board halv !s or only one printed circuit board half necessary to 
achieveamaximal gap width 11. FIexi|le conductors 12 are used to electrically comiect one 

lirect proximity to the hinge 6 with the other half of 



19 Fig. 4 shows a variant of a current acquisition coil to be opened on a single-piece, 

20 multi-layer printed circuit board, which has only one gap 7 as the unilateral opening for 

21 enveloping the current-carrying conductor 2. By applying a force to twist the printed circuit 

22 board, the gap 7 is widened to such an extent that the current-carrying conductor 2 can be 

23 moved in a radial direction through the gap. A printed circuit board segment 9 not used for 
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1 the coil preferably serves to hold electric or electronic components for an evaluation circuit 

2 1 9, which issues a scaled measuring signal to the output 1 3 . 
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Fig. 5 shows a single-piece cun ;nt acquisition coil on a multi-layer printed circuit 
board, in which the current-carrying conluctor 52a, 54a is routed in an axial direction through 

the printedcircuit board asathroughplaing53. The terminals are here routed via the current- 
carrying printed conductor 52 to the iioming current-carrying conductor 52a, and via the 
current-carrying printed conductor 54 ti the continuing current-carrying conductor 54a. To 
ensure thatthe currentto be acquired is jelayed in an axial direction through the printed circuit 
board, the current-carrying printed coliductors and printed circuit board terminals 56 are 
arranged on the outside of the printeJ circuit board 1. In this configuration, the current- 
carrying conductor is hooked up to the Ixtemal current-carrying conductor parts 52a and 54a 



via electrical connectors 56. A prim 



;d circuit board segment 9 not used for the coil is 



preferably used to hold electric or eleci ronic components for an evaluation circuit 19, which 
issues a scaled measuring signal to tie output 13. The arrangement shown on Fig.5 is 
particularly advantageous for permanej tly fixed current sensors, which are no longer moved 
around after installation. 
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